Activity peaks characteristic of the chloroplastic Calvin cycle enzymes triose-phosphate isomerase, ribose 5-phosphate isomerase, and fructose 1 ,6-diphosphate aldolase are found in isoelectric focusing patterns of dark-grown pea (Pisum satirum) seedlings and seeds. Apparently, in this higher plant these three chloroplastic isoenzymes can be formed in the absence of light and of chloroplast formation.
As in other angiosperms, light is required for chlorophyll biosynthesis and chloroplast formation in pea plants. The levels of the Calvin cycle specific enzymes ribulose-1,5-diP carboxylase (8) , alkaline fructose-1 ,6-diP phosphatase (14) , and TPN-linked glyceraldehyde-3-P dehydrogenase (9) , and of chloroplast rRNA (13) are much lower in dark-grown pea seedlings than in normal leaves. Since the chloroplastic Calvin cycle forms of fructose-i , 6-diP aldolase (5), triose-P isomerase (1) , and ribose-5-P isomerase (2) can be separated from the cytoplasmic forms by isoelectric focusing, it seemed of interest to look for the three chloroplastic isoenzymes in etiolated seedlings. The experiments reported here clearly demonstrate that isoenzymes having isoelectric points characteristic of the chloroplast forms of ribose-5-P isomerase, triose-P isomerase, and fructose-I , 6-diP aldolase are present in dark-grown seedlings and in seeds. We conclude that light is not necessary for the formation of these three Calvin cycle enzymes. 
MATERIALS AND METHODS

RESULTS
Peaks characteristic of chloroplast and cytoplasmic aldolases are found when extracts of etiolated seedlings or seeds are subjected to isoelectric focusing (Fig. 1) . Results with tissue from dark-grown plants are not entirely reproducible; in some instances only pl' 4.8 aldolase was found, in others, only pl' 4.2 aldolase. Since the cytoplasmic form of this enzyme is unstable to isoelectric focusing (5), it seems likely that both forms are present in the dark-grown plant.
Pea seed aldolase is remarkably stable to isoelectric focusing, which suggests that the seed isoenzymes are not as sensitive as the leaf isoenzymes to the molecular 02 generated during electrophoresis. Willard and Gibbs (17) found that although bean leaf aldolase is inhibited by p-chloromercuribenzoate, the seed aldolase is not. In spite of the similar focusing patterns and identical p1' values for the seed and leaf enzymes found in the present experiments, it seems likely that the seed enzymes do differ from the leaf enzymes, at least in the number of reactive thiol groups.
Takeo (16) found two bands of aldolase activity in the disc gel electrophoretic patterns of carrot and radish leaves, one of which in each case corresponded to a single band of activity from seed extracts. When spinach seeds and leaves were analyzed he found single, nonidentical activity bands. The distribution of aldolase activity in the pea seed and leaf apparently differs from that in carrot and radish, and in spinach.
Multiple peaks of triose-P isomerase activity are found when extracts of dark-grown shoots are focused (Fig. 2b) . Clearly, a form of triose-P isomerase similar to, or identical with, the chloroplast form is present in etiolated tissue. The minor peaks probably correspond to green leaf cytoplasmic isomerase. In another experiment (not shown), extracts of chloroplasts and of etiolated seedlings were mixed together and focused; the major peaks did not separate.
A large triose-P isomerase peak, which would overlap both PlH green leaf isoenzymes, is found when extracts of pea seeds are focused (Fig. 2c) . We were not able to resolve this isomerase activity into discrete peaks in four experiments. The width of the peak makes it seem possible that two or more forms with similar isoelectric points are present.
A peak of ribose-5-P isomerase activity corresponding to chloroplast isomerase is found in focusing patterns of seeds and of etiolated seedlings (Fig. 3) . There is also a very minor peak which corresponds to cytoplasmic ribose-5-P isomerase.
DISCUSSION
Although in certain cereal plants levels of Calvin cycle enzymes are almost as high in dark-grown as in normal lightgrown plants (15) , in dark-grown pea plants the levels of activity of the Calvin cycle-specific enzymes ribulose-1,5-diP carboxylase, fructose-i ,6-diP phosphatase, and TPN-linked glyceraldehyde-3-P dehydrogenase are quite low (8) . Nevertheless, the three Calvin cycle enzymes included in this study are present in etiolated tissue at levels which, at least after isoelectric focusing, appear to be similar to green leaf levels. Although this technique is not quantitative, 10-fold differences in levels of enzyme activity would certainly have been detectable in these experiments. Clearly chloroplastic aldolase, triose-P isomerase and ribose-5-P isomerase are formed in the absence of light in tissue which is incapable of photosynthetic carbon dioxide fixation, not only because of the lack of chlorophyll but also because of the low levels of other Calvin cycle enzymes.
It seems likely that these three chloroplastic isoenzymes are functional in etiolated tissue, possibly participating in carbohydrate metabolism within the etioplast. A similar suggestion was made by Schnarrenberger et al. (12) , who found high levels of triose-P isomerase and DPN-linked glyceraldehyde-3-P dehydrogenase activity in etioplasts isolated from sunflower cotyledons. Since plastids are found in etiolated tissues and in seeds, the chloroplast isoenzymes are probably actually plastid rather than chloroplast specific. Further experiments are needed to localize these isoenzymes and to determine whether they are actually structurally identical with the chloroplastic isoenzymes.
Dark-grown pea seedlings contain low levels of chloroplastic 70S rRNA (13) , and etioplasts from such seedlings are not as active in amino acid incorporation as are chloroplasts from light-grown plants (11) . The chloroplast form of aldolase may be coded by a nuclear gene, since the isoelectric point of this isoenzyme is under Mendelian gene control (4) . The presence of these three chloroplastic isoenzymes in tissue with low levels of chloroplastic rRNA and low levels of plastidlocalized protein synthetic activity suggests that they may be transcribed and translated outside of the chloroplast or proplastid. Additional work is needed to determine the site of synthesis of these Calvin cycle enzymes. 
